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bstract
White mushrooms are among the most popular edible fungi, and consumption has increased substantially because of their
utritional properties. Fresh mushrooms have a high moisture content and respiration rate and therefore have short shelf life;
reservation is therefore necessary. One approach to increasing consumption is to convert mushroom puree into dried powder for
se as an ingredient of foods. For instance, mushroom powder could be a functional or nutritional addition to instant soup, noodles,
ausage powder, sauces, snacks, extruded baby foods and cereal products. For this purpose, foam mat drying has been introduced.
The foaming properties of white button mushroom puree after the addition of the xanthan gum and the endemic seed gums
odume shahri, basil, balangu and cress were investigated. The K-means algorithm was used as a clustering method to select the
ost suitable hydrocolloid. Foam stability and density increased with increasing concentrations of either xanthan gum or endemicydrocolloids. In K-means clustering with five clusters, the first cluster of a group of samples with minimum foam density and
elatively low drainage volume was selected. Xanthan gum at a concentration of 0.1% (w/w) and cress seed gum at concentrations
f 0.3% and 0.5% were selected for preparation of white button mushroom puree foam.
 2013 Taibah University. Production and hosting by Elsevier B.V. All rights reserved.
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The white button mushroom (Agaricus  bisporus) is
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world and is cultivated in more than 70 countries [1]. The
highly perishable nature of the mushroom led researchers
to find new methods for extending its shelf life. Foam
mat drying is an economical method for drying liquid
and semi-liquid foods. In this process, liquid or semi-
liquid food concentrate is converted to a stable foam
with foaming agents (surfactants) or foam stabilizers and
then dried at relatively low temperatures, with a short
drying time [2,3]. The preparation of stable foam plays a
major role in foam mat drying. For this purpose, the addi-
tion of foaming agents and foam stabilizers is necessary.
Foam expansion and stability are the most important
characteristics. Foam expansion can be determined from
its expansion ratio or density, whereas foam stability is
determined from drainage volume, film rupture and dis-
proportionation of bubbles [4,5]. Many foods naturally
h Univ32 A. Pasban et al. / Journal of Taiba
contain soluble proteins, which can contribute to the for-
mation and stability of the foam structure after whipping
[6]. Previous work [7] and our preliminary experiments
show that mushroom proteins capably act as foaming
agents for foam formation, but the foams are not sta-
ble enough for foam mat drying, and stabilizers must be
added. Hydrocolloid in foams provides a yield value in
the liquid phase that retains the bubbles in place [8].
Xanthan gum is a unique commercial gum that is
widely used as a food hydrocolloid in suspensions, emul-
sions and foams for a number of reasons, including its
solubility in hot or cold water, its stability over a wide
range of temperatures and pHs, its high solution vis-
cosity at low concentrations, its excellent compatibility
with salt and other characteristics [9]. Muthukumaran
[4] studied the effects of foam stabilizers (methylcel-
lulose, propylene glycol alginate and xanthan gum) on
the stability of egg white foam and found that 0.125%
xanthan gum was sufficient to produce satisfactory egg
white foam.
The demand for new sources of food hydrocolloids
with specific functionality has increased in recent years
[10]. Researchers have found that mucilaginous extracts
from plants can be used as hydrocolloids in food for-
mulations and are acceptable to consumers [11,12]. The
seeds of balangu (Lallemantia  royleana), basil (Oci-
mum basilicum), cress (Lepidium  sativum) and qodume
shahri (Lepidum  perfoliatum), which are endemic in
Iran, produce large amounts of mucilaginous substances
when soaked in water. Some of these plants have health-
promoting properties and have been used in traditional
Iranian medicine [11].
The objective of the present study was to investigate
and compare the effects of various endemic hydrocol-
loids, qodume shahri seed gum, basil seed gum, balangu
seed gum and cress seed gum, with xanthan gum for use
as commercial hydrocolloids for the foaming properties
of white button mushroom puree, in order to select a suit-
able stabilizer for white button mushroom puree foam.
Data were clustered with the K-means algorithm on the
basis of their similarities in the same categories. Cluster-
ing was used successfully for investigating the effects of
polysaccharides and soy protein hydrolysis on foaming
properties by Martínez et al. [13], but to our knowledge
Table 1
Apparent viscosity, yield and protein content of endemic hydrocolloids.
Lallemantia royleana Lepidium 
Apparent viscosity (Pa s) 0.67 0.463 
Yield (%) 35 17.36 
Protein content (%) 1.66 2.84 ersity for Science 8 (2014) 31–38
there are no published data on endemic hydrocolloids
such as seed gums from qodume shahri, basil, balangu
and cress.
2.  Materials  and  methods
2.1.  Materials
Fresh white button mushroom (A.  bisporus) were pur-
chased from a local manufacturer in Mashhad during the
first day of harvest in autumn 2011. Xanthan gum was
obtained from Sigma Chemical Co., USA, and balangu
seed, qodume shahri seed, basil seed and cress seed were
purchased from the local medical plant market in Mash-
had, Iran.
2.2.  Extraction  procedure
Crude extract powder of the four seed gums were pre-
pared according to Mohammad Amini and Hadad [14],
Koocheki et al. [11], Razavi et al. [15] and Karazhiyan
et al. [16]. The apparent viscosity, yield and protein
content of the hydrocolloids at optimized points are pre-
sented in Table 1.
2.3.  Sample  preparation
2.3.1.  Preparation  of  mushroom  puree
The mushrooms were sliced with a stainless-steel
knife, immersed in 2% (w/w) sodium metabisulphite
solution for 10 min and then rinsed with distilled water to
prevent discoloration during crushing. The sliced mush-
rooms were crushed in a kitchen blender (Tefal, 210 W)
at 15,000 rpm for 1 min to obtain a homogeneous puree.
During the foaming trial, the desired concentration of
mushroom puree was prepared by adding a calculated
amount of distilled water.
2.3.2.  Preparation  of  gum  solutions
Hydrocolloid solutions were prepared by dissolvingan appropriate amount of the selected gums powder in
distilled water and stirring vigorously with a magnetic
stirrer until a uniform solution was obtained and were
kept in a refrigerator for 18–24 h to complete hydration.
perfoliatum Ocimum basilicum Lepidium sativum
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ydrocolloid solutions were prepared to give final con-
entrations of 0.1, 0.3, 0.5, 0.7 and 0.9% w/w.
.4.  Foaming  trial
.4.1.  Foam  formation
To prepare 100 g mushroom puree suspension, the
ppropriate amounts of gum solution, mushroom puree
nd distilled water were added and whipped at ambient
emperature with a kitchen aid mixer (Model No. SM88,
ony) at 1500 rpm for 3 min.
.4.2.  Determination  of  foam  density
Foam density was determined by weighing 50 ml of
he mixture in a 50-ml measuring cylinder. Transfer of
he foam was performed carefully to avoid destroying the
tructure and trapping air voids when filling the cylinder.
he determinations were made in duplicate, and average
alues are reported [17].
.4.3. Determination  of  drainage  volume
Foam drainage was determined by the methods
escribed by Sauter and Montoure [18] and Bag et al.
5], with some modifications to evaluate foam stability.
n the modified method, foam was placed in an 80-mm
uchner filter, covered with mesh cloth and placed in
 50-ml graduated cylinder. The liquid was separated
rom the foam after 30 min, as a result of drainage and
ecorded.
.5.  Statistical  analysis
An experimental design with a completely random-
zed factorial model and at least two replications for
ach treatment was used. Statistical analysis of the data
as performed by analysis of variance (ANOVA), and
uncan’s multiple comparison tests were applied to
etermine differences between means (p  < 0.05) with
PSS software (version 16.0) for Windows.
.5.1.  Cluster  analysis
The results of treatments were clustered into the same
ategories on the basis of their foaming properties. Thus,
reatments with similar drainage volume and foam den-
ity were placed in the same cluster, and hydrocolloids
ith appropriate properties were selected. The K-means
lgorithm was applied, as it can divide N  observations
ith P  dimensions (variables) into K  clusters so that the
ithin-cluster sum of squares is minimized. In this tech-
ique, N  rows (observations) are separated into K  groups,
n which the kth cluster contains nk observations, and
ach row includes P variables. The data are standardizedersity for Science 8 (2014) 31–38 33
by subtracting the variable mean and dividing by the
standard deviation. The standardized data components
are referred to as zij.
The goodness of fit criterion is used to compare vari-
ous cluster configurations on the basis of within-cluster
sum of squares, WSSK (Eq. (1)),
WSSK =
[
NP
NP  −  m
] K∑
k=1
P∑
i=1
nk∑
j=1
(1 −  δijk)(zij −  Cik)2
(1)
where Cik is the average (centre) value of the ith variable
in the kth cluster.
The percent of variation is calculated as shown in Eq.
(2)
PVK =  100WSSK
WSS1
(2)
Various goodness-of-fit tests are used to deter-
mine the optimum number of clusters [19]. In this
study, data were clustered with NCSS software version
2007.
3.  Results  and  discussion
3.1.  Foam  density
Foams are two-phase systems consisting of a dis-
persed phase (usually air) and a continuous phase [4].
Foam density depends on the ratio of the dispersed phase
to the continuous phase, reflecting the amount of air
incorporated in the foam during formation. For example,
a high foam density indicates that little air was trapped,
giving low foam expansion [5].
The effects of gums concentrations on the density
of white button mushroom puree foams are presented in
Fig. 1. ANOVA showed that increasing the concentration
of the hydrocolloids in white button mushroom puree
foam significantly increased the foam density (p  < 0.05)
(Table 2). Therefore, gum concentration had an adverse
effect on foam expansion.
The main mechanism of this phenomenon could be
the greatly increased viscosity of the aqueous phase due
to the addition of high concentrations of gum, so that
air cannot enter the system during whipping and reduce
foam density [20], as shown by studies on star and bael
fruit foams [5,17].
The effects of the investigated gums on the density
of white button mushroom puree foams are shown in
Fig. 2. Cress seed gum had a positive effect on foam
density, which was comparable to that of xanthan gum
(p < 0.05). Although the reason for this effect is not
34 A. Pasban et al. / Journal of Taibah University for Science 8 (2014) 31–38
Table 2
Successive mean squares from ANOVA for foam density and foam stability.
Source Degrees of freedom Mean square F p
Foam density Foam stability Foam density Foam stability Foam density Foam stability
A 4 0.059 284.254 62.293 401.300 0.000 0.000
B 5 0.160 1437.337 169.159 2029.181 0.000 0.000
A * B 20 0.005 30.024 5.435 42.387 0.000 0.000
Error 30 0.001 .708
Total 60
A: gum, B: concentration.
known yet, the foaming properties of cress seed gum
may be due to its lower viscosity as compared with
most of other hydrocolloids, such as xanthan (Table 1).
The high foaming capacity of cress seed gum is also
Fig. 1. Effect of gums concentrations on foam density. Note: The level of sta
letters mean significant difference in this level.
Fig. 2. Foam density in white button mushroom puree foam at.different gum
probability. The different letters mean significant difference in this level.related to its surface activity, which can be attributed
to the presence of a macromolecular component, which
is either a glycoprotein or a polysaccharide–protein
[21].
tistical significance was determined at 95% probability. The different
s Note: The level of statistical significance was determined at 95%
h University for Science 8 (2014) 31–38 35
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Fig. 3. Effect of gums concentrations on drainage volume. Note: The
F
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.2.  Foam  stability
Drainage is widely used for evaluating foam stabil-
ty. Drainage is the flow of liquid through foam driven
y capillary forces or external forces such as gravity.
he result is thinning of the lamellae (the thin wall of
 bubble), followed by film rupture, which finally leads
o foam destruction [22]. As expected, lower drainage
olumes resulted in more stable foam. ANOVA indi-
ated that the hydrocolloids tested as foam stabilizers
ad a significant effect on the stability of white button
ushroom puree foam (p  < 0.05) (Table 2 and Fig. 3).
hus, foam stability increased with increasing concen-
rations of the hydrocolloids. These positive effects are
ue to the increasing interfacial viscoelasticity of foam
amellae [23].
The hydrophobic nature of hydrocolloids prevents
hem from being absorbed at the plateau borders, thus
trengthening bubble walls and subsequently improv-
ng the stability of the foam [24]. Our results are in
greement with those of Karim and Wai [17], Makri and
oxastakis [20], Muthukumaran [4] and Raharitsifa et al.
25].
As shown in Fig. 4, xanthan gum had the greatest
ffect on foam stability, although the effect of qodume
hahri seed gum was similar. The high relative molecu-
ar mass and gelation behaviour of polysaccharides like
odume shahri seed gum increases the viscosity of the
queous phase, leading to the creation a network struc-
ure in the bulk phase and slowing drainage of foams
24], but higher concentrations of qodume shahri seed
um prevent air from entering the system.
ig. 4. Drainage volume in white button mushroom puree foam at different gu
robability. The different letters mean significant difference in this level.level of statistical significance was determined at 95% probability. The
different letters mean significant difference in this level.
A comparison of drainage volume as a function of
the concentration of hydrocolloids is shown in Fig. 5.
Addition of the gums as foam stabilizers clearly stabi-
lized white button mushroom puree foam, whereas foam
drainage without stabilizer increased rapidly. Balangu
and basil seed gums had little effect on the stability of
foam at low concentrations but greater effects at higher
concentrations.
As shown in Fig. 5, xanthan gum at 0.3%, w/w pro-
vides sufficient stability for foam. Muthukumaran [4]
also reported a strong effect of xanthan gums as sta-
bilizers, and Herbst et al. [26] reported that even low
concentrations conferred high viscosity. The stabilizing
effects of xanthan gum are due not only to viscosity
but also xanthan to decreasing the forces exerted by
ms. Note: The level of statistical significance was determined at 95%
36 A. Pasban et al. / Journal of Taibah University for Science 8 (2014) 31–38
Fig. 5. Comparison drainage rate as a function of gums concentrations at different gums.
ns methFig. 6. Cluster analysis (K-mea
the liquid, thus forming a better solution and avoiding
drainage phenomena [27].
3.3.  Cluster  analysis
In order to categorize similar hydrocolloids, we used
K-means clustering with five clusters (Fig. 6). Seed gums
in the cluster of samples with low drainage volume and
low foam density were assumed to be ideal for use in
the preparation of white button mushroom puree foam.
Tables 3 and 4 show the means and standard deviations
of each of the variables in each cluster, and the relative
Table 3
Cluster standard deviations for variables.
Cluster 1 Cluster 2 
Drainage volume (ml) 3.818813 3.245877 
Foam density (g/cm3) 4.582576 4.670067 
Number of observations 3 7 ods) of different foams system.
distance of each row from the cluster centre is presented
in Table 5. As expected, the distance from each point to
its centre is much shorter than the distance from the point
to the other centres, indicating that the cluster structure
is acceptable.
As shown in Table 2, the first cluster contained sam-
ples with minimum foam density and a relatively low
drainage volume. Xanthan gum at a concentration of
0.1%, w/w and cress seed gum at concentrations of 0.3%
and 0.5%, w/w were located in cluster 1 (Table 5). The
seed gums in the other clusters were not suitable for sta-
bilizing white button mushroom puree foam, because the
Cluster 3 Cluster 4 Cluster 5
7.78353 4.188499 5.227332
3.05505 3.664501 8.049845
3 8 5
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Table 4
Cluster means for variables.
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Drainage volume (ml) 8.166667 3.071429 21.83333 3.96875 26.3
Foam density (g/cm3) 66 83.14286 94.33334 95.25 69.9
Number of observations 3 7 3 8 5
Table 5
Relative distance of each row from the cluster centre.
Treatment (concentration of gum, %) Cluster Distance 1 Distance 2 Distance 3 Distance 4 Distance 5
0.1 Xanthan 1 0.4499 1.8803 2.7825 2.7731 1.5315
0.3 Cress 1 0.1125 1.5657 2.6557 2.4846 1.6753
0.5 Cress 1 0.5624 0.9830 2.5211 1.9553 2.1004
0.3 Xanthan 2 1.0570 0.7174 2.5791 1.6750 2.5089
0.5 Xanthan 2 1.2998 0.4417 2.3980 1.3625 2.5815
0.7 Xanthan 2 1.7864 0.3696 2.1617 0.8341 2.7948
0.3 Qodume 2 1.7193 0.3601 1.6909 0.6723 2.4329
0.5 Balangu 2 1.6129 0.5604 1.4233 0.8591 2.1192
0.7 Balangu 2 1.7381 0.3231 1.7794 0.6652 2.5110
0.7 Cress 2 1.3484 0.1270 1.9507 1.0684 2.3143
0.1 Basil 3 2.8784 2.6121 0.8142 2.4736 1.7366
0.3 Basil 3 2.6318 1.9392 0.0951 1.6029 2.0844
0.5 Basil 3 2.5697 1.5508 0.7228 1.0011 2.4511
0.9 Xanthan 4 2.3087 0.8457 2.0575 0.4152 3.0976
0.5 Qodume 4 2.0977 0.6415 1.8857 0.3896 2.8502
0.7 Qodume 4 2.2531 0.8012 1.8695 0.2593 2.9493
0.9 Qodume 4 2.7841 1.3332 2.0043 0.4421 3.3712
0.7 Basil 4 2.6793 1.5046 1.0427 0.7705 2.7286
0.9 Basil 4 2.6638 1.4145 1.2201 0.6020 2.8293
0.9 Balangu 4 2.5215 1.0798 1.8512 0.1906 3.1181
0.9 Cress 4 2.0631 0.6348 1.7461 0.3455 2.7383
0.1 Qodume 5 1.6600 1.8748 1.3185 2.2307 0.7446
0.1 Balangu 5 2.2091 2.9082 2.2361 3.3455 0.4947
0.3 Balangu 5 1.5111 1.6917 1.3229 2.0868 0.8512
0
N
f
u
l
b
4
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b
h
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w
x
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w.1 Cress 5 1.5887 
one 5 2.2945 
oam density was very high or the drainage volume was
ndesirable. Hence, xanthan gum and cress seed gum at
ow concentrations were selected for optimizing white
utton mushroom puree foam.
.  Conclusions
The effects of four new Iranian sources of
ydrocolloid—seed gums from qodume shahri, basil,
alangu and cress—with xanthan gum as commercial
ydrocolloid on foaming properties of white button
ushroom puree were studied. Cress seed gum was
ound to have a positive effect on foaming capacity in
hite button mushroom puree, comparable to that of
anthan gum. Qodume shahri seed gum at a higher con-
entration was a suitable stabilizing agent as compared
ith xanthan gum, but a reduction in foam density due2.5531 2.4239 3.1725 0.4523
3.3005 2.9290 3.8778 0.9617
to increasing viscosity led to its rejection for use as a
stabilizing agent in foam systems. Overall evaluation of
the results of clustering and statistical analysis led to the
conclusion that xanthan gum at 0.1 w/w and cress seed
gum at 0.3 and 0.5 w/w are suitable for use in the formu-
lation of white button mushroom puree foam for further
processing, especially drying. Use of cress seed gum as
a substitute for xanthan gum in foam products would be
advantageous because of its medicinal properties.
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